Retro-illumination photography has potential for the monitoring of cortical and posterior subcapsular cataract formation. Variations in the individual illumination results have limited accurate quantification of opacities within such images. We present a new image analysis technique which minimises the effect of uneven and vary ing retro-illumination. The new technique has been tested for variation between photographers and over a short time period. We believe it is of value in lens assessment in combination with a semi-quantitative grading system. 
monitoring of cortical and posterior subcapsular cataract formation. Variations in the individual illumination results have limited accurate quantification of opacities within such images. We present a new image analysis technique which minimises the effect of uneven and vary ing retro-illumination. The new technique has been tested for variation between photographers and over a short time period. We believe it is of value in lens assessment in combination with a semi-quantitative grading system. The Oxford retro-illumination camera described by Brown8 tackles the problem of image alignment by the introduction of fixation targets at the front of the camera.
These are placed at 15° from the visual axis so that the In this report we describe the background to and repeat ability of a specifically designed image analysis technique which minimises the effect of uneven and of varying retro-illumination.
MATERIALS AND METHODS
All the images used in this study were acquired with the Oxford CCD retro�illumination camera (Marcher Enter prises, Rotherwas Industrial Estate, Hereford, UK). The camera was focused at the pupil plane. The camera image Lens lransmillance ratio (LTR) Lens lransmillance ratio (LTR) We have applied this technique in a two-part study. In part 1, the clear lens study, we defined the normal, clear lens histogram. In part 2, the cataract lens study, the results of the clear lens analyses were applied to define the catar act cut-off point. The repeatability of the cataract measurement so derived was tested.
Clear Lens Study
In 
Cataract Lens Study
To test the repeatability of the analysis 48 pairs of images were analysed by the same method. Tw enty-four of the images were taken of cataractous lenses by two photogra phers on the same day. The subjects sat back from the equipment between photographic sessions. The remaining 24 pairs were photographed at a 3-month interval by the same photographer. Cataract Lens Study shows skew to the left. Fig. 3a and 3b show one of the equivalent images before processing and after illumina tion compensation, respectively; Fig. 3c shows the areas which the computer defines as cataract.
RESULTS

Clear Lens Study
To test the variability we chose to use the coefficient of variation and have also calculated the measurement error of the system under each set of circumstances. 12 The coef ficient of variation for the 24 pairs taken by different pho tographers during the same session was 5.95%. The measurement error for the system, expressed as the value below which the difference between the two measure ments will lie with a probability of 0.95 (2.8 s) is 1.51. For the between-session data, assuming no change in cataract index over a 3-month period, the coefficient of variation was 15.83%; 2.8 s was 3.98. In practical terms a differ ence of >3.98 units represents significant change by this method.
DISCUSSION
The introduction of a new form of clinical measurement requires an analysis of the repeatability of the method.
Variations in the method of retro-illumination photogra phy can be split into those arising during image acqui sition and those caused by subsequent processing. The development of a CCO camera system allows the quality of the image to be gauged"at the time of photography. This helps in the training of camera operators and should reduce the incidence of photographs taken at varying focal planes. In addition, the instant production of a digital image removes the potential for variation arising from the use of film (lack of constancy of supply and development).
Long-term storage of images in digital format is more reliable and convenient than storing processed film. All these factors make the CCO camera system a more satis factory method of image acquisition. Our between-session variations suggest that there is significant variation occur ring with time in the image acquisition system. The cam era system runs off a stabilised power supply and the reliability of the standard PC computer is well established.
However, the CCO receiver is sensitive to alterations in room temperature. Ouring the period of this study the system was calibrated on a weekly basis; we now rou tinely calibrate the system prior to each photographic ses sion, and a software subroutine has been incorporated to make this easier. We found that working with the live CCO images pro duced by the latest generation of cameras this algorithm was no longer applicable. The current algorithm is designed to minimise the operator interaction and leave the computer to calculate the area of cataract in the image.
The operator has only to define the ROI, which is per formed easily and quickly using a computer mouse; this represents the only remaining processing variable. We are currently working on a way to register (superimpose) fol low-up photographs by converting the OLIVIA algo rithm18 to PC usage, and expect that this will reduce variation further. 
